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ABSTRACT 


Tne Kolmogorov-Smirnov (K-S) goodness-of-fit test is a 
nonparametric test 1f the random variable is continuous. If 
Seemeraraomesverltatle is discrete tne A=-S test is not 
nonparametric. 

Owe programs tor the T1~-59 programmable calculator are 
presented, Continuous £-S° and “Discrete £-S°. They are 
@Mespened tO conduct a K-S test and display the sienifricance 
level. User instructions and several sample probdlems are 
presented. 

Use of tne "hidden registers’ in tne TI-59 is 
discussed. The hidden registers are used extensively in the 


ppesrem Discrete K-5S. 
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IT. INTRODUCTICN 


The subject of this thesis 1S the one-sample 
Kolmogorov-Smirnov (K-S) goodness-of-fit test. Tne purpose 
Or =the thesis is to provide the reader with programs 
enabling him to perform K-S tests cn the TI-£9 programmable 
Garculator. 

The distinction between continuous and discrete random 
variables is 4 central issve. iene renteamcompurdt loud t 
procedures are appropriate when testing a discrete random 
werradble thadn when testing a continuous random variable. Two 
separate TI-59 programs are provided: Continuous K-S and 
"Discrete K-S’. 

section II is a general discussion of the K-5S test. 
Section IIIf explains the tecnnique of transforming sample 
data before performing a K-S test. Section IV discusses tne 
feeceerOuGEOon Of test statistics from a continuous K-S test 
and provides detailed instructions on now to use the 
Continuous A-S program. Scet] Oneal is an analazgous 
discussion for a discrete K-5 test. 

Appendicies A and B are entry instuctions, program 
listings, and example problems for Continuous kK-S_ and 
Po enepemmes-5o, respectively. Appendix C presents condensed 


user instructions for both programs. Appendix D discusses 


the use of the “hidden registers in tne TI-59. 





II. THE KOLMOGOROV-SMIRNOV (K-S) TEST 


A. OVERVIEW OF THE K-S TEST 

Statisticians are often faced witn observations of a 
memeom variabie based on a population with an unknown 
mmeobability distribution. Mee econesSaOrst1t test may be 
ieeeto test certdin Aypotneses about tne relationsnip 
between the population’s distribution and some specified 
distribution. The one-sample Kolmogorov-Smirnov (K-S) test 
is a goodness-of-fit test. The term one-samvle is used 
because a two-sample K-S test has also been developed. The 
twomsample test examines the relationship between two 
Wmmenown probability distributions on the basis Of two random 
samples from different populations. Only the one-Sample K-S 
test is discussed herein. It will be retered to below as 
simply the K-S test. 

The K-S test is conducted by comparing Sn. the empirical 
Cumulative distribution function (CDF), defined telow, with 
H, the hypothesized CDF. If tne discrepancy between Sp, ard 
H, called the “test statistic , is large then we nave strong 
evidence that F, the population CDF, does not equal Hd. Tie 
probability of observing a test statistic at least as large 
as that realized is called the ‘Sienificance level of the 


test. 





aco eves semonly Valid if outcomes on the random 
variable lie on an ordinal sgale. If a random variable maps 
events into cells between wnich no ordinal relationsnip 
existS then the chi Square eoodness~-ot-test is recommended 
eer. 1: pp. 2357]. 

mayeecoaness=of Tit test can be either a hypothesis test 
Gea Steniticance test. For a hypothesis test we specify a 
mull hypothesis, Ho, an alternative hypothesis. H;, and an 
“alpna level’. After we compute the significance level we 
compare it with the alpha level. If the significarce level 
momeress than or Equal to the dipha level then we reject He 
ame accept H,. Otherwise, we do not reject Ho. To conduct 
Merete cdnce test we simply compute the significance 
levels we are not formally concerned about rejecting Ho. 

The neomesnGess cOMmMputdtional techniques, yet to be 
discussed, are identical for hypotnesis and significance 
wemteuee for e€lther type of test the test statistic must te 
computed and then evaluated by computing the significance 
level. Hence, the discussion of the K-S test delow will 
macs ON etmese two steps. , 

Let OMe wos 2 + « een, DE independent observations cn 
the random variable X wnich has CDF F. Assume an ordinal 
relationship existS between all possible values of x. If 
Key) » Xz) » + - - Kip) represent the n observations arranged 


in ascending order then the empirical CDF, Sn is defined as: 





g ee a 
eee eee if Ce ys EE 1, 2, ee ey BD 
iL ne Ein) 
foe MS etesuemdy Dew used to test the follewing tnree 
pairs of hypotheses Paeagea ae ~Specitied CIF k&. The 
meemopriate test Statistic is also Listed. 
m Fo: . Wr) > Elx) for all x 
Hee C(x) «fer 8some x 
Peer sue mbee= Sup, (E(x) — S,(x?}) 
ee x) nym for alk x 
He: F(x) > E(x) for sore x 
Beeuesiaeenic: DD = supy(Saiix) = H(x)) 
Sete eee = Hix) for all «x 
bees nem (x) Por some x . 
Meet statistic: Dp = naxiD , D ) 
merece Gaepeby Simply spe@citving Ho we implicitly specify H, 
emcee 1S the nesation of He. It snould alSo be noted 
feeereuneetirst two null oypatneses listed pertain to wnat is 
commonly called one-sided tests wnile the third pertains 
fomeea)6=« m= Sided test. The test statistics, D. 1D”, and T, 


ame collectively called the K-S statistics . 


Pe CALCUDMTING THE VALUE OF TE: TEST STATISTIC 
i Dasierete Fandom Variable 
Omen exeminiae @ discrete réendom variatie tne tne 


test statistics D™ ard It are ound by comparing tre 
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empirical and hypothesized CDFS at eacn possible value orf 


meesrandom varible. More precisely, 


Mae Meommaccic, (x)= H(x)] | 


and D 


Mice emer ini ke) — Si(xyi} . 
Figure 1 illustrates this approach. 
2. COntinuous Random Variable 

If we are examining a continuous random variable we 
calculate Dt and D” using the values of the Stu wl jel oe Teale 
hypothesized CDFs at the observed values in our sample. The 
computation of Dm ss SieldaCts tO the procedure used with a 
discrete random variable. The computation of D , however, 


meme oncepulally different. Using previous notation: 


DY = maxi@, max(S, (Xj) — H(Xyy)J}, £ = 1, 2, -- 0, 
D = max{@, max[H(X/;)) - Sp (Kes) ts eae aes: ic ve, +4 
We define Ig)= -% , thus Sn (Xogy) = 9. Figure 2 illustrate 


fois approach. 


Sei lolORICAL ORIGINS OF THE K-S TEST 

Miemme—o teS> Was ftirst introduced by Kolmogorov in 1963 
(Ref. 2) ana was further developed by Smirnov [Ref. 3]. The 
peooem@e Or the Original work in this field was the 
Comiavciesomeor stne CiStribution of the £=5 statistics Dis Dp. 
ana oD. Continuity of the random variable wasS a key 
Ssolmouuon in tne development of the test. Pies statistics 
Dy and D~ were discovered to follow the same distribution 


and this distribution was derived exactly. Tne distribution 
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Breeeoesiged distribution: H{x) = x/5, x=i1, 2, 2, 4, 5 


Bempe.@ data: 1,1, 4, 5 (Sample Size n = 4) 


Hx), S, (x) / 
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Rees 


i = Pea emaxiio. (x) — Hix)|]} , x =1, 2, 3, 4, 5 
x 
pecs, max (i(.5—.2), (.5-.4), (.5-.6), (.75-.8), (1-1)]} } 
=wmaxi@, mam{.3, .1, ~.1, -.85, @}} 
= i 
d = max{@, 


foraiierji— S.(x)j} , x = 1, 2, 3, 4, 5 
»¢ 


mare, max[(.2~.5), (.4-.5), (.6-.5), (.8=.75), (1-1)]}} 
mawa{—.3, —-.1, .1, EDs OC) | 


“ou il 
S| 

- mw 
p4 
rs 
Las’) 


Figure 1 


Example: Test Statistics from a Discrete K-S§ 


de 





g x < € 
Peepotoesized distribution: H(x) = {x/s D Geer 5 
3h x 5 


Semple data: 1,1, 4, § (ties occur from rounding error) 
H(Xx), Sn(X) 

Ne, 

9 


3 


we ee eee -O 
ca 
= d_ 
-9 
5 eee 4 ee ee 2 Se) 2 we eee sae eae SS ee = eo} 
a 
qt = 
A: 
GP 
el 
Xx 
9 Ll 2 3 4 S 
eae ee ee q(x): ————— 


qd = max 1d, ae (Sx ¢j) = H(X¢j) aet a ae 


Weamigg maxt(.5—-.2), (.5-.2), (.75-.8), (1-1)]}} 
max{@, max[.3, .3, -.@5, a] } 


oy 
i 


= max{®, max(H(x/;, ) - S (xo; yy) J} eal: 2, cyt 
iL 


max{@, meee (.2~.5), (.8-.5), (1-.75)]} 
mame, Mawl.2, =.5, «3, .25)} 
42 


note: by definition, x4) = -~?, thus, S,(x/4) = @ 


Figure 2 


PLenplGssleStmovartstires from a Continuous K-—S 


le 





of D was closely approximated. fae -accuracyorof the 
amproximation was shown to be very nign wnen tne 
Slenificance level of a test is small. Bradley [Ret. 4: pp. 
Beoy nas presented a derivation of the distritution of tne 
Meo Statistics which is based upon, but more readable than, 
pees original arguments. 

When the hypotheszed distribution, #F, equals the true 
Geet ohbution. Ff, and the random variable is continuous then 
the distributions of tne KE-S statistics have teen snown to 
be independent of 4H. POreolisaredsoOne Toe CONtinucous: K=sS 
test is a nonparametric. test. Tables are widely 
Seeulavie, e«.g., Hradley {Ref. 4: pp. 367], delineating the 
mmerr pution of the K-S statistics as a function only of 
Sample size. This is done by showing the “critical values 
Meee the test statistics for certain widely used alpha 
levels. The user is thus relieved of having to compute the 
significance level wnen performing a hypotnesis test. ne 
need only coOmpute the test statistic and compare it to the 
meta cal yalue. 

Mets eiicertect to consider tne K=-S test to be a 
nonparametric test when tne random variable of interest is 
discrete. Conover [Ref. 5] nas shown how tne distributions 
Gumeeeme —"8=5 Statisties for a discrete random variable are 
G@emendgent Upon both tne particular hypothesized distribution 
aeeemes sceample size. If the K-S Statistics which result from 


testing a discrete random variable are assumed to follow tne 


13 





distributions derived by Kolmozorov then the Signiticance 
mere! computed will be larger than the true significance 
level. Similarly, reliance on tables sucn as Eradley’s will 
Mmameise Critical values that are unnecessarily large for a 
@iven alpha level. Ey either relying Gre ctuLly Listog 
Kolmogorov’s distributions or upon tables such as EFradley’s 
the effect is the same. The evidence against Ho, the null 
nypotnesis, will appear mucn weaker (or “less significant ) 


moat lt really is. 
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III. TRANSFORMATION OF SAMPLS Data 


X 


Pac wees test is usually appbied without employing 
GeensrOmmations on tne sample data. However, since it is 
Somcuames comveniont to transform data before conducting a 
moonume Ste. the Continuous K-S program is desgned to wtilize 
transformations as a user option. Transformations are not 
recommenced for @ discrete K-S test. 

Assume Ww is &@ continuous random variable witn CDF H and 
a transformation M is defined such that M(W) has a known 
Gir, G. Furtner assume tnat we have observations on @ 
continuous random variable X with some unknown CDF, fF. we 
Mey conduct 2 K-S test of our Aypnotnesis concerning the 
relationsnin between F and & in two ways. Without using ary 
Gaamotormation the empirical CDF S, may be comrared to &. 
Pitetmatively, the empirical CDF Spo may be compared tec G, 
wnere S,° is based upon observations of tne random variable 
M(X). Both methods will yield tne same test statistic and 
Smemiticance level. 

m 7recuent use or this technique is to define the 
Peeaooonrmatc on © 0 be the function #, i.e., to invoke the 
peceapiligty integral transformation (Ref. 6: pp. 292). For 
Mmaewance, fiven a continuous random variable X with CDF H 
tre provability integral transformetion tells us that the 


Bamdom vatiable H(X) is distributed uniform (@,1). I xX is 
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mee popuiation random variadle in a K-S test and E is tke 
hypotnesized CDF, we méy wisn to comrare tne empirical CDF 
ee t2om observations on £(X) to @ uniform (@,1) CDF. This 
mmeeot be easier than directly comparing Sp to 4H. Example 3 
me abpendix A illustrates this approach. 

As anotner example, it is sometimes convenient to emplov 
a transformation wnen the hypothesized distrioution is 
lognormal. Bye Cetloltrvon, tne random variable W 15 
distributed lognormal (xu, Peo ont omy it inet 1S 
distributed normal (z,o”*) [Ref. 6: pp. 117}. Thus, if we 
nave observations on a random variable X and we hypothesize 
meet X& is distributed lognormal Ve ae we may simplify 
Computatior by transforming the date. By CRE oti weet Te 
values of In(x) as our sample data and normal (u,o*) as our 
Rypotnesized distritution we can taxe advantaze or the 
normal CDF subroutine in the TI-59 calculator. See example 


4 in Appendix A. 


aS, 





i¥. THE £-S TEST: CONTINUOUS RANDOM VARIABLE 


meee PISTRIBUTIONS OF THE TEST STATISTICS 

die test Statistic in a K-S test is a random variable 
Weeeea particular probability distribution. After comducting 
a K-S test with test statistic T (T = D*, D™ or D) we 
Sieeve some value, t, from the distribution of T. To find 
the test’s Sieniticance level we compute P(T >t). If T = 


Dy or D7 it was shown by Birnbaum and Tingey (Ref. 7] tnat 


{n(1i-t)] 
n 7 peel 
Gar, 1) PG t) = 9 §t > a )/ cn) eh al) 
J 
| es 
n 
wnere n is Sample Size, eran — | le, anda Lt )g 
J 
is the largest integer contained in n(i-t}). For T= D the 


probability value above snoulid be doubled. The significance 
Meyels computed with equation IV¥.1 will be exact for 
mmerecmaged Tests. HoOrya two-sided test the doubled result 
will be an upper bound on tne true significance level. fhe 
difference between tne upper bound and tne exact value will 
be negligible when P(IT > t) is small. 

POnlarP-eusaple cizes there are useful approximations 
to equation IV.1, but their accuracies are merginal for 


Sampie sizes as Small asSnz= 52. On the other hand, tne 


L? 








Meroricuilty in using equation IV¥.1 for hand computation is 
considerable for sample sizes greater then n = I1¢. 

Furthermore, even finding the value of the test statistic 
ean be tedious. The Continuous K-S program implerents 
Bemation IV.i using a TI-59 calculator and is listed in 
Appendix A along with Several example problems. The program 
is designed for sample sizes less tnan n = 55 and is used as 


fol Lows. 


2. USER INTRUCTIONS FOR “CONTINUOUS K-S° PROGRAM 
STEP ONE - Specifying the test: The user must choose 
Weeene COnLInuOUS probability distribution, H, will be 
compared against the empirical distribution from the sample 
data (or tne transformed sample data). Tne program’s 
options fOr Rh are: normal, exponential, Weibull, or 
fmerorm. if #8 is normal then tne Applied Statistics module 
must be used, otnerwise, any module may be used in the 
eolulator. The user mus t Specify the appropriate 
parameter(s) of 4. 
Sree @NO - Bnterime the data: Once the test is 
Specified, read both sides of Card 1 (Continuous K-S) into 


Wire TI-59. A printer may be used but it is not required. 


To enter the data (in any order): 


i 








Enter Press Display Printer (Optienal' ) 


E 3599 .69 
X; A at X. 
meal, «+. 5 1) : 
C 1 “INPUT DATA’ 
Xj) @ 1. 
Xyo) C2 
sorted : : 
data : 
Xin) ssa 
Q elal 
4 n+2 
ignore : ‘; 


There will be a delay after pressing "“C while tne 
Sarculator sorts the data into ascending order. For a 
camoee Of Size 16 this will take about 1 minute while for 
the maximum sample size of 54 the sorting requires about 15 
meres. Ine unser May find it oreferable to sort the data 
himsel?. If the user enters the data in ascending order the 
delay will be between 1 and 75 seconds after pressing C, 
depending upon sample size. If the printer is used a 
listing of the ordered input data will be produced. 

If the sorted data are to be tested directly without the 
use of a transformation the next Step should be oh BORA 

STEP THREE - Transforming the data: If a transormation 
Mis desired the user must provide it aS a subroutine for 
Card 1. The subroutine must begin with LBL &” and end 


with INV SBR. After Card 1 haS been read into the 


i 


Seeculator the user should enter the subroutine, teginnineg 
meee program step 325. Lie MUotmENOpmmexceed (Ss steps in 
Menetn . For a sample size of size n, tne sutroutine must 
use only registers numbered n+i through 57. The subroutine 
sSnmould be written to be called when value X is currently in 
the x-register and M(X), i.e., the transformed value, is 
memecoe returned to the main program by the subroutine. 
For example, assume a transformation t defined as ; 
ee = Ok —2 1/5 . 
Mover Treading Card 1 into the calculator the appropriate 


Steps are: 


Press Display 
GTO $25 
LRN 525 2 
LBL 526 OY 
ee Ser. OG 
= 528 Ye 
Z 529 88 
) 338 O60 
= Soar Ve 
3 332 80 
) 333 20 
INV SBR 554 GL 
LRN 


Be ter entering the trantformation the user should test it 
before proceeding. In the above example M(8) = 2. To 
test: enter "8, press "E% , and the calculator should 
iieplay 2 . 

After validating the transformation subroutine tne user 
snould press “B%. When tnen transformation is completed 


M(X¢ ny) is displayed. If a printer is used the transformed 


20 








feeece cre J1sted. Tne user is now ready to perform tne £X-S§ 
test. 

If the hypothesized distribution, H, is lognormal (us a) 
meen a different procedure is followed since the appropriate 
meanstOnrmation iS provided aS an optional Subroutine on Card 
1. After entering the data and pressing “C the program 
will sort (or confirm that the user has Sorted) the origizal 
data. Tne user tnen presses A% . This will transform eacn 
observed value of X to 1In(X). The calculator will display 
In(Z¢ny) 8 few moments later and, if a printer is used, a 
fisting of the transormed data will be produced. wal eae 
mioeecen then be conducted by Compdring tne transformed data 
to a normal (u,¢°) distribution. 

If #8 is lognormal then a K-S teSt can be performed with 
Bemtinueous R=-S only if tne sample data is transfcrmed. A 
meenmermal random variable is Strictly positive. Fence, if 
any input values are nonpositive tne calculator will flash 
mirer A’ is imesoedneanurcating an error. 

Srse FOUR = "Conducting the test: Botn sides of Card 2 
(Continuous K-S) Should be read into the calculator. Card 2 
is initialized differently depending on tne hypothesis being 
tested. 

deere aa lea tron: 


(1) press A if Ho: F(x) ) for all x 
st x) ) 


for some x 


reas 





io pressmrasiee «6 Aus 





(oy gress. Crit Bans 


Mall cases 9 


rs e€isplayed-. 


ime > Hise fomeall x 

(x) < H(x) tor some x 
Px eee) for all x 
F(x) > Hix) tor some x 


If the user changes his mind 


about the direction of his hypotheses after initializing he 


snould press RST before pressing tne correct user label. 


Deletimine Beand computing sienificance level (S.1.): 


(1) Normal (x, o) 


soter Press 
4 A’ 
o~ R/S 


(2) Exponential (A) 


enter Press 
» BG 
1 R/S 


Ca)) S¥etpull (A, = ) 


Enter Press 
Xx B’ 
on R/S 


(4) Uniform (a,b) 


Enter Press 

a Ge 

d R/S 

fae computation time will 


Seize of i up to 2@ minutes for tne maximum sample 


Display 


Display 
1 
Suis 


en oa) = re ; x>@ } 
Display 
3. 


Sue 


Display 
a 
Syorae 


vary from 1 minute with sample 


Size ow C1 


04. Meyer tee computation is finished and the significance 


level is displayed the user may recall tne 


from register 40. 


test statistic 





Bee FIVE >= Evaluating the significance level: 
meee Siemificance level computed may be considered exact if 
eoemeucting a one-sided test. After conducting a two-sided 
Meesge it the Significance level computed is less tnan .1 it 
may be considered accurate to 4 decimal places. (Ref. 4: 
pp. ds@1)J Since most alpha levels are at most .1 it is 
anticipated that virtually all user requirements will be 
Satisfied with this degree of accuracy. 

Wnen tne data “agree Closely with tne Ny VO Toe si 2ed 
distribution then the significance level computed in a 
two-sided test may be considerably larger than tne true 
value; it may even exceed 1. When tnis happens the user 
Should conclude that the Sample data is consistent with the 


met Hypothesis. 
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fe JSR INSTRUCTIONS TO EVALUATE A GIVEN TEST STATISTIC 

If a user already Knows the value ot the test Statistic 
from a K-S test on 4 continous random variable ne may use 
Continous K-S in the TI-59 to evaluate the- signiticance 
evel. This will provide tne user with more precise 
information than he could get by consulting a table of 
Gpatacal values. 

Assume that a K~-S test was conducted with sample size n 
mae tay the obsemved value of the test Statistic was t. 
The user should first repartition the calculator by entering 
"9" and pressing "Op 17°. The calculator will display 
"399.69". Both sides of Card 2 snould tnen be read into the 
calculator. The significance level (S.L.) of the test may 
be computed by the following steps: 


Enter Press Display 


n STO 59 n 
e STO | Gg t 
B Sines 


meme testawas One-sideéd the significance level displayed 
may be considered exact. If n and t were trom a two-sided 
test the significance level displayed should be doubled. The 
comments in STEP FIVE of the USER INSTRUCTIONS above apply 
when using the pregram to evaluate a Known test statistic 


trom a two-sided test. 








V. DHS K=S TEST: DISCRETE RANDOM VARIAELE 


Meee las DISTRIBUTIONS OF TEST STATISTICS 

time diswrimutions of the XK-S statistics are DOW 
independent of the hypotnesized agistribution, EH, wnen tne 
manaem vyaTiable is discrete. If a teSt Statistic in such a 
case is evaluated using formula IV. 1 (employed by 
Continuous K-S) the signiticance level computed should be 
fememed) aS a yery conservative upper bound on tne true 
Significance level. Conover [Ret. 5] has derived the 
meer bution of tne K-S statistics wnen H is discrete. He 


has shown that 


n ey fee 
(¥.21) Pied: ~ Doty) a) = t ej 
J 


with notation detrined as: 


1. ({n(i-t)}] is tne largest interger in n(1-d) 


n 
eis = nivay!(n-j)! 


oe f= PLR < B (4 - t - j/n + eps)} 


where woehas distribution function H and 


+ 0O : Dee 
H(p) = SDE TEK ES pla, @ < p < 2 
- 06 ; joe ae 


/es2) 


12 

a il 
. ; a | a) = * “ 
a - —_ a 7 ; 


=) 





5. The value eps is a poSitive number that approaches, 
Dee cdoes not reach, zero. In the notation of the limit 


— 
arguments from calculus: eps--@ . 


Similarly, 
fea —t 
(V.2) p> = oF b. 
j = @ 


with additional notation defined as: 


— 

” 

Q 
tt 


Pee, eel 7) | 
ee. Dds = 2 and 


cy 
Pe 
tl 
f= 
{ 
cea 
cH. wr 
Nemes 
cue 
Y el 
{ 
}~ 
o 
_ 
PY 
IV 
= 


Pearly, for a two-sided test, the distribution of D is 
closely approximated as follows for Small values of t: 

moe P(D > t) = P(D > t) + P(D > t) —- P(D> +)P(D > +)/2 
with a maximum error term of P(D > t)P(D > t)/2. For 
Significance levels less than or equal to .1 the error will 


be neglidle. 
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B. USER INSTRUCTIONS FOR DISCRETE K-S" PROGRAM 

The equations defined above require an unacceptable 
amount of effort to employ by hand computation. Tne 
Discrete K-S program implements them on the TI-59 calculator 
and is listed in Appendix 5B along witn several example 


problems. 


STEP ONE — Cnecking tne Problem Size: 

Discrete K-S is designed to test a discrete random 
variable with m possitle outcomes. It may be necessary to 
aggregate possible outcomes into cells Since m must be less 
mien. With a sample of size n the program can perform a 
Reo test if {in(i-t)}] + m} < 54. By convention, [n(1-t)) is 
defined to be the largest integer in n(i-t). Of course, tne 
Value of t, the test statistic, is unknown before the test 
is conducted but if (n + m) < 54 then the requirement above 
is certainly met. If (n +m) is only sligntly greater than 
54 the data should be entered and processed with Card 1 as 
explained below. The program will compute the value of the 
test statistic and indicate if the problem is too large to 


womplete. 


STEP TWO - Defining the Hypothesized Distribution: 

Eacna possible valve of tne random variable being 
investigated must be classified as falling in one of the mo 
cells. Tne user must specify tne nypotnesized distribution, 


HE, in terms of the cells. This may be done in one of twa 


rd 





aveumee Om Cach celigi the weereean specify either hj; or 


Ay. For a random observation, X, on the random variable we 
define h; and A; as follows: 


h; = Pie is inwcelig:) , i 


it 
t 
nN 
& 
e 
e 
| 


Hee Reis in cellaj ; oj<i) . 1 


ae sie ae e e e 9 Mm 


femcatl hy the mass value of cell i and Hj the cumulative 
mass moeeue Of cell. 1. Lee tuirvo oC eemOLeN the hee sample 


Gee rvations that fall into cell i is denoted &,. 


STEP THREE —- [Initializing tne Program and Entering tne 
Data: 
Read both sides of Card 1 (Discrete K-S) into tne 
calculator and proceed as follows. 
Bnter Press Display 


E Q 
(it H det'ined by nys) 
ne Q 
(if H defined by ee 


m hes m 
n R/S 1 
a ele Il RS 2 
a epg eh R/S 3 
mei Geel = R/S m 
Reson L .. R/S 1 (see Note 1) 
, R/S 2 
X R/S i) 
ae R/S m 
Xun R/S Q@ (see Note 2) 
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Note 1: If E was entered by mass values nj; , i = 1, 2, 
- + oy mand (hy + hy +... + hy) is not between .99 and 
1.01 tnen error code “22° will be diplayed after nom is 
entered. The user can press x:t to display (hi + ho +... 
. +h,). Ideally, tne mass values will always sum to 1 but 
the user may be using rounded values which do not. If the 
us€r wishes to proceed with tne K-S test after error code 
"22° is displayed he should press “A’”. This will cause the 
mass values to be normalized so tney will sum to 1. 
Normally, this shnould only be done if amore accurate 
statement of mass values is unavailable. 

ome) 2: Teer + Koen. . . + Xn) # n then error code 


"33 will be displayed. The test cannot proceed. 


cee FOUR = Computing the Test Statistic: 

Azevereecompleting the Initialization and Data Entry 
Sequence the test Statistic, t, should be computed. 

If H,: F(x) = H(x) then press A. 
If Aj: F(x) > H(x) then press BE. 
If H,: F(x) < B(x) then press C. 

After processing the data and computing the appropriate 
Mes tbatistie, t, tne calculator will either display t or 
"44°. The latter indicates that the problem is too large 
for Discrete K-S. The user can recall t from register 9G. 


If t is displayed (always a number between © and 1) then the 


mser can proceed with the test. 
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STEP FIVE - Computing the Significance Level: 

After the test statistic is displayed the program has 
suapomaticaliy repartitioned the calculator to allow Card 2 
to be read into the calculator. The user iS cautioned not 
to press CP” or “RST” between using Card 1 and Card 2. This 
is important because certain flags are Set in the calculator 
during the previous steps. 

To compute the significance level of the test simply 
read Card 2, both sides, into tne calculator and press ‘A. 
If a one~sided test is conducted, then the significance 
level displayed may be considered exact. If a two-sided 
test is conducted then the calculator displays an 
mmerokimate significance level. Tne following steps may be 


used to judge the quality of the approximation: 


anes'S Display 
B upper bound on S.L. 

B, xet lower bound on S.L. 
C maximum error in point estimate of S.L. 
D Recall polny estimate, at so. Ll. 


After the test is completed the calculator can be 
restored to normal partitioning by pressing E. 

The user should be aware that the time required to 
compute a Significance level can be considerable. fhe 


following table may be used to estimate computing time. 
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PROuLem o1Ze% TAME .toOwcompuce Sbeniticance level: 


n m one~sided test two-sided test 
12 5 Seinen on Sec 7 min 
28 1 45 min 9¢ min 
42 Le 2 nours 4 nours 


If the user needs the capability to handle larger 
problems and/or process data quickly a FORTRAN program has 


been developed by Allen [Ret. 9] for this purpose. 
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APPENDIX A 


CONTINUOUS K-S: ENTRY PROCEDURE, LISTING, AND EXAMPLES 


A. ENTRY PROCEDURE 

Gene progtam is organized in two distinct parts, Card 1 
aoa Card ¢c. Card 1 should be recorded on a magnetic card 
uSing banks 1 and 2 [Ref. 8: pp. VII-2] with the calculator 
in standard partitioning [Ref. 8: pp. V-22}]. Card 2 should 
also be recorded on bdDankS 1 and 2 but with partitioning 
399.69. 

It should be noted in tne program listing below that 
Cards 1 and 2 botn use tne ‘Dsz’ command followed by 
register numbers greater than 9. The user’s manual [Ref. &: 
Meee Yoo) implies tnat this will not work but, in fact, it 
does. The user has to use a special entry tecnnique to eget 
Pree prosram steps into the calculator correctly, nowever. 
One very convenient way to accomplish this is illustrated 
easily by an example. 

Assume that the steps at one point in the program are 
"Dsz, 5@°. The user can first enter ‘STO, 58, then 
backstep twice until "42 is in the display (for “STO ). He 
should then overwrite the “STO” command by pressing “Dsz_ 
This will leave “58 in the display. He should then advance 


the program pointer one step ( with "SST ) and continue 


entering the rest of the program. 
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C. CONTINUOUS K-S EXAMPLE PROBLEMS 
1. Example 1 


duaeeroplem: 


Seeee)|C (XK) = «CR ( x) for all x, where H = Uniform (¢.5), i.e., 
1 ; x > 5 
Se), ~ Xo Oe, FCS 
Q , » re 4 


Poeees|«6F (x) + E(x) tor some x 

Sample size =n = 198 

ummrerddata., 0.0, 4.0, 0.c, 2.6, 5.8, 0.6, 1.0, 4.8, 1.2, 1.4 
db. Solution: 


Read both sides of Card 1 into tne calculator, then: 


ENTER PRESS DISPLAY PRINTOUT COMMENTS 
E 599 .69 new partitioning 
Ze A 0.8 
4.0 A 2 4.% 
° ° : ° sample data 
Ts A 1g ie | 
C 1 INPUT DATA ime ts min.. 6o sec) 
9.2 61 
9.6 €2 
; sorted sample data 
4.8 19 
On biee 
Oe. Fie jznore 
(com ape) 
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Atter completing the previous Steps using Card 1 read both 
sides of Card 2 into tne calculator. Do not press ‘CP or 


"RST. Complete the test as follows: 


ENTER PRESS DISPLAY PRINTOUT COMMENTS 
A, g two-tailed test 
g C g H = Uniform (@,5) 
5 R/S ~-2073748895 .2073748895 significance level 


(Time: 1 min, 22 sec] 
Since the test sconducted was a two-tailed test the 
Significance level computed iS approximate. The user is 
assured that the true significance level is no greater than 
the value computed. The user may recall the test statistic 


t = .d2 from register 6d. 
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£. Example 2 
a. Problem: 
Ho : F(x) ¢ E(x) for all x, where H = Normal (3, 2° ) 
Poe: (x) > H(x) for some x 
Sample size =n = § 
pample data: 1.462, -€.311, 9.555, 5.711, -@.¢78 


Deo olution: 
Read both sides of card 1 into the calculator, then: 
ENTER PRESS DISPLAY PRINTOUT COMMENTS 


599.69 new partitioning 
1.462 
4 etal 
We 55 Sample data 
Deel 
=O0.0- 76 
INPUT DATA [Time: 32 sec] 
Se «Ds ee 
-9.978 @2 
0 Soom dS sorted Sample Data 
1.462 64 
eye esi), ake 
QO. 96 
Cian 7 


1.462 
BOO LL 
ORO95 
Seri 
somo 8 


CA ~P b&b p> bY 
Moe WM Fr 


ignore 


Read Card 2, both sides, into tne calculator, then: 


ENTER PRESS DISPLAY PRINTOUT COMMENTS 
BE @ , ONe=talied test 
3 af 3 H = Normal (3, 2 ) 
2 R/S 0201689866 .9201689866 significance level 
[Times 53 sec] 
The user may recall the test Statistic t = .579¢534154 from 


register 00. 





5. kxample 3 


ae Sroblem: 


Ho: F(x) = H(x) for all x, wnere 
Q , no 
Mee) =i 4/4 , 0 < x € 2 
a as a aes 


cme (x) # H(x) for some x 
sample size n = 1¢ 
Eee datd: 1.8, 1.0, 1.3, ¥.5, 1.98, 8.95, 1.91, 
mee, 1.65,/1.6 
Pew seuss ion: 

Com Ganuous  5=> Wd0eSmenotemoave a subroutine to 
evaluate tne hypotnesized CDF EH for tnis problem. This is 
an ideal situation to invoke the probability integral 
Meens:Ormetion. Undér the null hvypotnesis X nas CDF #, 
moos, H(X) is distributed uniform (¢€.1) under the aull 
hypotnesis. If we transorm eacn sample data value witn H#, 
defined above, then we can proceed with the K-S test using a 
uniform (2,1) distribution in piace of tne orginal 


hypotnesized distribution. 





Ce oO Ut Lon? 


Read both sides of Card 1 into tne calculator, then: 
ENTER PRESS DISPLAY PRINTOUT COMMENT 


g 499.69 new partitioning 


° 5 Sample data 


OQ 
C2) fee 0 « 
ee 
t De 
»- 
>) 


INPUT DATA [Time: 1 min, 2 sec] 
B25 G1 
Oe fone 


; sorted sample data 


1.98 1¢4 
O35 15 
0. 12 
: ignore 


GTO 325 aL 
LRN 325 96 
LEBEL 526 82 
BE’ 327 GY 
<a 322 28 Transformation 
= 529 8G Subroutine # 
= 538 88 
) 331 @2 
* INV SSR 532 8G 
LRN 1 
2 in i Subroutine test 
B” TRANSFORMED DATA 

9.9625 61 

9.148625 2 

9.225625 03s 

9.25 €4 

9.4225 45 Transformed data 

9.64 @6 

ZG.81 7 

9.855625 68 

@.912825 99 

g.9801 104 

ne 

@. 12 ignore 
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Read both sides of Card 2 into 


the calculator, then: 


ENTER PRESS DISPLAY PRINTOUT COMMENT 
AD 4) two-sided test 
g C ¢ upTeorm (@, 2) 
2 RAS ~7275048241 .7275948421 upper bound on 


Significance level 


{Times 2 min] 


Mmeeune Significance jevel computed had been .1 or less we 


sould consider it exact. With 
Eomputed, Nnowever, we snould 
the true sgnificance level and 


and the null nypothesis are in 


as value as large as that 
Considerelt can upper, found on 
conclude that the sample data 


close agreement. The user 


may recall the test statistic t = .21 from register 9@. 
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4. Example 4 


a. Problem: 


F(x) > H(x) for all x, where HE = lognormal (5.4 5) 


vT? 


Lo 


Eyes F(x) < Hix) for some x 

Sample size =n = 7 

Semple data: 99.351, 22.47, .¥608, 3294.5, 4.95, 14.88, 29.96 
Dee lei scussion: 

Tnis problem demonstrates the use of the natural 
log transformation. It is appropriate when the hypothesized 
@eotra bution is logrormal. Veccueertateae) S GiStri buted 
lognormal («,2) if and only if 1n(X) is distributed normal 
ae). We rely on the natural log transformation 
memmoutine@ incorporated into Card 1 of Continuous K-S to 
transform our Sample data. We then test the transforred 
data against a normal (3, 5°) CUE uUSine Candy c. 

Cc. solution: 


Read both sides of Card 1 into the calculator, tnen: 


ENTER Pan 5 DISPLAY PRINTOUT COMMENT 
5 399.69 new partitioning 

99.51 A 1 99.351 

Ee.47 A ve 22.47 
@.8608 A 3 9.8688 
5294.5 A es 5294.5 Sample data 

4.95 A 3 4.95 

14.88 A 6 14.88 

29.96 A ? 29.96 
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ENTER ERs DISPLAY Prune OUT COMMENT 


b i INPUT DATA [Time: 46 sec] 
0.4608 ¢1 
4.95 #2 
14.88 @3 
22.47 ¢4 sorted Sarple data 
29.96 45 
99.31 66 
5294.5 @7 
9. 98 
G9. 69 
F jenore 
A” 7 TRANSFORMED DATA 


-2.80016549 @1 
1.599387577 62 
2.72¢018¢29 ¢3 
5.112181086 44) Transtormed aata 
5.399865159 5 
4.598246271 ¢6 
8.10@080969 47 

8G. 68 

OS 29 


meme Doth sides of Card 2 into tne calculator, then: 


ENTER PRESS DISPLAY PRINTOUT COMMENT 
C g One-siaed test 
3 x 3 normal (%, 5°) 
5 R/S BOO (224000 MOO rectocear Sieniticance level 


(Time 1 min, 25 sec] 


The user may recall test Statistic t = .2468546856 trom 
Reeisver OY. 





APPENDIX B 


DISCRETE K-S: ENTRY PROCEDURE, LISTING, AND EXAMPLES 


A. ENTRY PROCEDURE 

Tme program 1s organized in two distinct parts, Card 1 
aieeecard 2. Card 1 should be recorded on a magnetic card 
using banks 1 and 2 [Ref. 8: pp. VII-2] with the calculator 
ies standard partitioning (Ref. €: pp. ¥-22}. Card 2 should 
also be recorded in banks 1 and 2 but with partitioning 
299 .69. 

It snould be noted in the program lising below that 
Cards 1 and 2 both use the ‘Dsz’ command followed bdy 
register numbers greater tnan 9. The user’s manual [Ref. 8: 
mormee oc), implies that this will not work but, in fact, it 
does. The user nas to use a special entry tecnnique to get 
the program steps into the calculator correctly, nowever. 
One very convenient way to accomplish tnis is illustrated 
easily by an example. 

Assume the steps at one point in the program are Dsz, 
Be". The user can first enter “STO, 58”, then backstep 
twice until "42" is in the display (for "STO ). He snould 
then overwrite the “STO” command by pressing ‘“Dsz. This 
will leave '58 in the display. He Should advance the 
program pointer one step (with “SST ) and continue entering 


the rest or the program. 
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Discrete K-S uses tne HIR command, explained in detail 
in Appendix D. It is represented by machine code "e@2 and 
fees must be Entered With a special procedure. A convenient 
way to enter HEIR’ is to precede it with “STO, enter “a2 , 
and backstep twice, leaving "42° (for “STO') in the 
display. Delete the “STO command with ‘del, advance the 
program Point er Oilem SCED, Gnd sCOmmmnvcrEmcntering 7 Tne 
program. When HIR is followed by another two-digit merged 
code, @.g., HIR, 16, the entry procedure should be used 
twice, the first time to enter 82 and the second time to 


enter 16. 
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C. DISCRETE K-S EXAMPLE PROBLEMS 
1. Example 1 
a. Froblem: 
Mee: 6«€6©F(x))6©=hCUBR( x) 0) «6Cfor all x, where H is defined below 


H, : F(x) # 4H(x) for some x 


Number of cells =me= 5 
Sample size =n= 10 
CELL NUMEER (1) 

i Z 5 4 5 
mass value (h;): a2 ee 52 ae ne 
cumulative mass value (HF; ): a2 4 “Ae as 1.2 
Number of observations (X;): 3 3 4 Q ’) 


De: “SOmnt on: 


mevamuetm sid@s of Card ft into the calculator, then: 


COMMENT ENTER PRESS NYS Poly COMMENT 
initialize ba 2 Pet ined wath nos 
Mo. of cells 5 eS 5 
Sample size 18 R/S 1 
ac R/S 2 
te R/s 3 cell number of next 
cell mass <2 ES) BS mass value entry 
values ae Ro 5 
APs R/S iL 
3 R/S 2 
observations o ee S %) cell number of next 
per cell = R/S ~ Prequency count 
frequency ¢ SS 5 
Count ) iy) R/S 2g 
A 4 CES tc. Statistic. of 


two-sided test 
[Time: 22 sec] 


Read both sides of Card 2 into the calculator, then: 


Se 





eR ooo DISPLAY 


A 0414007942 
B ~€416172932 
X<t ~0411842055 
C -€¢€216499 
D ~ 44148697942 
E £79.59 


COMMENT 


point estimate of significance level 
(Time: 7 min] 

upper bound on significance level 

lower bound on significance level 

maximum error in point estimate 

Peco point ses Lima ce 

return TI-59 to normal partitioning 


Ime User can perform the seme Kes test "by initializing 


Card 1 with “B’” and then entering H; values instead of h; 


values. The test results will be the same. 
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2. Example 2 
a. Problem: 
Ho : F(x) > H(x) for all x, wnere H is defined below 


H, : F(x) < H(x) for some x 


Number of cells =ms= 93% 
Sample size =n = 15 
CELL NUMBER (1) 
1 PA os) 
mass value (h;): .3624 .4167 .2209 
cumulative mass value (H;) 0624 .7791 10 
number of observations (X;) 5 3 7 


Den COMUE LON 2 


Read both sides of Card 1 into the calculator, then: 


COMMENT ENTER PRESS DISFLAY COMMENT 
wai tialize ee Qg H defined with Hs 
moof celis o R/S 3 
Sample size iS R7S i cell number of next 
cumulative {-7791 R/S | cumulative mass 
cell mass Be oa: R/S 3 value 
values 1.2 R/S 1 
cell number of next 
observations 5 R/S Zz frequency count 
per cell S R/S 
(frequency ? R/S g 
counts) 


B 245766667 test statistic of 
one-sided test 
{Times 15 sec] 


Read both sides of Card 2 into the calculator, tnen: 


PRzsS DISPLAY COMMENT 
A 2395671995 Significance level (Time: 11 min] 
E 479.59 Getvurcn (Ti-59 to sormal partitioning 
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APPENDIX C 
CONDENSED USER INSTRUCTIONS 


mes tTOllowime two pages dare condensed user instructions 
mer Contimuots kK-S and Discrete K-S, respectively. It is 
récommended that tne reader familiarize himself with the 
more expanded discussion of programs in sections IV and V 
abdove before relying on tne condensed instructions. 

The condensed instructions for both programs are written 
monewawcomplLete K=S test. It is possible to use Continuous 
K-S to evaluate a Known test Statistic from a continuous X-5 


Mesu. ne procedure is as follows. 


STEF PROCEDURE ENTER PRESS DISPLAY 
ae Cw conta Ga OMe oo 7 Op 17 399.69 
2. Enter doth sides of 


Card 2 (Continuous K-S) 


ie enter sample size n SLO (59 n 
4. Smrer test Statistic t Spy 0) a A iE 
no compute significance 

level oe Speirs 


LY the test was one-sided the significance level 
Computed 1S exact. If the test waS two-Sided the result 
should be doubled. The doubled value is arn upper bound on 


the exact Significance level. 
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CONTINUOUS K-S 


Card 1 (banks 1& 2): standard partitioning Appltecestatisties Module 
Card 2 (banks 1 & 2): 399.69 partitioning Printer optional 


Purpose: K-S test on continuous random variable with unknownCDF, F. Maximum 
Sample size n = 54. Direction of test specitied by null hypotnesis Cee 
Alternative nypotnesis (B,) is negation of Eo. Hypotnesized CDF, H, can be 
uniform, normal, Weibull, or exponential. If another KR is desired tne user 
can add a Subroutine transforming the desired H to one of the above 
distributions. Program computes exact significance level (S.1L.) for a one- 
sided test and an upper bound on S.L. for two-sided test. 





USER INSTRUCTIONS 
STEP PROCEDURE ENTER PRESS DISPLAY PRINTOUT 


1 Enter botn sides of Card Il 


2. Initialize E 399 .69 

3. Enter sample data X; A i x; 
Cit 3 2eeer oD 

4. Sort data C pt Xa) eeee 9 Xin) 


a> aes ss a See as a ee se a es Se Ss Se ee es ee a ees ew ee SE a SS SS SD SD SS ee SS SP ae ee SS SR ee Se ee ce es a a a es a a ee a eee oe ee 


5. Tranforming data (optional step; normally omitted): If hypotnesized 
CDF, H, is NOT uniform, normal, Weibdull, or exponential then the user may 
enter a subroutine to transformed F to one of those distributions. 
The subroutine must begin with LBL B’” and erd with INV SBR . For 
a transformation M the subroutine Should be written to tranform some 
value c to M(c) witn c in tne x-register wnen tne subroutine is called 
and M(c) is returned to the main program. Use only registers n+l tnrougn 
57 (sample size = n) and limit sudroutine to 75 steps. After subdroutine 
entered and validated, press BY’. M(Xim)) will be displaveca. 
If user wishes to transform each sample value x to ln(x) press 
A’ . The transformation subroutine is already provided and is useful 
to transform lognormal (u4,o*) data to normal (u,o*). To not press “B’”. 
Proceed with test with the new distribution substituted for original &£. 


STEP PROCEDURE ENTER PRESS DISPLAY PRINTOUT 
6. Enter both sides of Card 2 


7. Choose direction of test: 


If He: F(x) = H(x) A g 

Ig 80: F(x) > H(x) B g 

ifomae ss, F(x) < BCz) C g 

8. Specify H for test: 

If E = normal (yo ) y7 A’ yr 
o R/S Seu S. Ll. 

If H.= exponential (A) r , B’ 1 
1 ‘ R/S Sic ie De 

If H = Weidull (\,«) » B’ 1 
ot R/S Sele Sie. 

If # = uniform (a, b) a C a 
bs) R/S Scie Sal. 


9. The test statistic can be recalled from register @¥W. 
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DISCRETE K-S 


Card 1 (banks 1 4& 2): Standard partitioning AnY sulbrary (oan le 
Card 2 (banks 1 & 2): 399.69 partitioning Does not use printer 


Purpose: K-S test on discrete random variable with unknown CDF, F. For 
sample size n and random variable witn m possitle outcomes (cells) tne 
program will handle any problem with n+tm ¢ 54. Maximum number of cells: 29. 
If n+m sligntly exceeds 54 program wili attempt to solve; edit code 4a 
displayed if not possible. Program computes significance level of test. 
Notation: 2; = number of observations of X in cell {5 i = 1, .«. « © » @ 


; = P(random observation is in cell 1) 
EH; = P(random observation is in cell Jj; j ¢ 1) 
t = test Statistic 
Hp = null nypotnesis 
KE = hypothesized CDF of random variable X 


F actual CDF of random variable X (unknown) 
Bie sappornesized CDF, H, may be defined vy specifying h; or A; values. 








USER INSTRUCTIONS 


STEP PROCEDURE ENTER PRESS DISPLAY 
1. Initialize: 
If HE defined by h; values E Q 
If H defined by H: values EB’ 2 
2. Specify number of cells m R/S m 
3. Specify sample size n R/S a 


4. Define H with either h; values 
or H; values ft or Hy; R/S ibsons 


(imme, =..., m1) 
: be OF Hm R/S 1 
(note 1) 
2. Specify cell frequency counts X; R/S T+1 
F (4 = Ls eee »m~1) 
Xm R/S 4) 
(note 2) 
meee pe@cuty da rection of test : 
I He: F(x) = 8x) A t 
Ff wes. Flr) > E(x) B t 
Deena ser rs) Sx) C t 
(note 3) 
6. Enter both sides of Card 2 
‘7. Compute significance level (S.L.) A SL 
8. Evwaluate S.L. for two-Sided test; 2 B max S.L. 
“(S.L. exact for one-sided test) ; rat min S.L. 
C max error 
D recall S.L. 


Note 1: Edit code "22 indicates (a, Vee hm) greater than 1.21 or 
less tnan .99, User may press A to normalize h;j's & continue. 

Note 2: Edit code 33, indicates (X; + ... + Xn) #m. Cannot proceed. 

Note 3: Edit code 44 indicates problem too large. Recall t from Reg WO. 
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APPENDIX D 
USE OF PENDING ARITHMETIC REGISTERS IN TEE TI-59 


The TI-59 calculator has eight pending arithmetic 
registers. They are not accessible from tne keyboard but 
are accessible from within a program and are used 
extensively in Discrete K-S. A detailed discussion of tnese 
Special registers has been provided by a non-profit 
organization called tne SR-52 Ysers Clubd (Ref. 10]. 
Unfortunately the user’s manual provided by the manufacturer 
(Ref. 8] does not discuss tnem. 

Bach of the eight pending registers can be accessed with 
"@2° followed by a two digit number, represented here as 
"mn. The access code 82 is represented as “HIR vy a 
Texas Instruments printer. This mnemonic has been 
interpreted as both ‘Hierarchy Internal Register and 
“Hidden Internal Register . 

The value of m determines which register operation 1s 
performed, i.e., 

m Operdtson 

g STO 

1 RCL 

3 SUM 

4 loqrs 

5 INV SUM 
8, or 9 INV Prd. 


The value of n (1, 2, ... =~, or 8) determines which HIR is 
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accessed. For example, to add a number directly to tne value 
currently in HIR 4 the program codes $2, 34 would be used. 

To enter a two digit code like 82 or 34 ina program 
it iS convenient to trick the calulator with a register 
command. For instance, with the calculator in the LRN 
mode press “STO, 8, 2” then backstep (with “EST ) twice and 
"42° (for “STO") will be displayea. Delete tne register 
command STO” dy presSing del” and the “2 remains as a 
merged code. Advance the program pointer with ‘SST one 
Step and the remaining program Steps can be entered. 

The pending arithmetic registers serve several purposes. 
When nested aritnmetic operations are performed the operands 
Piotr Lest s PuSsned sin vomit ka ecanCumtoemMmrnbOul, Os « « «5 &s 
Use of the Op codes 1, 2, 3, and 4 asSign values to HIRs 5, 
6, 7, and 8, respectively. Otner keyboard operations which 
affect the HIRs are “P>R and “D.MS” . 

After extensive experimentation with HIRs tne writer is 
convinced that the TI-59 uses HIRS in otner ways besides 
Meaose mentioned. For Pestance wliscrete K=s, Card 2, does 
not use nested arithmetic operations, P-R', or D.MS’. It 
uses HIRs 2 - 7. When the program wes modified to also use 
HIR 1 it did not perform computations correctly. For some 
reason the manufacturer nas not disclosed any intormation 
about the HIRs except to acknowledge their existence. 


Utilizing HIRs modestly increases the calculator’s data 


storage capacity. It also provides a place to store afew 
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numbers to be fYetained after “CM iS pressed. When 
mocorporating HIFs into a program the following approacn is 
recommended. First, write the program without using any 
fMerseand validate it. Second, incorprate the desired HIRs 
to free regular data registers and then revalidate the 
meoeram., Trying to find an error in 4a program tnat was 
Mritten with HIRS. initially can ve very frustrating; the 
program may be affected by some mysterious Hi R-related 


problem that the user may never find. 


70 








re. 


LIST OF REFERENCES 


mean we 6 aud Massey, fs.) [ntrodurtion touStetistical 


eeeysiS., © C€d., McGraw=Hill,. 1969. 


Kolmogorov, A., Suila Determinazione Zmpirica di una 
Pemee Gielistripuzione, Giornale deli” [stituto 
Mudcat gefle Attuere, v. A bp. Ge-91, 1932. 


Smirnov, N., Taole tor 4stimating tne Gooaness-of-Fit of 
MCemecau mas tricutions, “Annals o2 Matirema tical 
BresueeSiL 1 Coy Veto, De 2794 1942; 


praGeheimos iol DIStributicn-“ree Statistical S4nalvsic, 
MEotmrece icdlivn 1966. 


Conover, W.c., A Kolmogorov Goodness-of-Fit Test for 
Discontinuous Listributions, Jcurral of tne American 
Paes ColenSoOClabLORy v.06 r4 20.09, bD.cYl, 
seprerver 1o%2. 

OCewia me Cd YOR tod. Ala mrOeCS meh. os, i Ntroduction 
Commenter CeOrvnG! Stabist. 6s, dmcaw, me cuoraw-rill, 1974. 


Birnbaum, Z.¥. and Tingey, 7.H., %ne-Sided Conridence 
Homey ro 6. OTe TrOvatL LI ivy Sistripyt ton runctions. 

Oreo OL cudelidtl Cal sc Pell Stl @smmmenme=. 0. of2, 1951. 
fevaspelastumentsS, Personal Procranmrmine. for’. 

welewem o2 5 SOUmOcOrOv—cmleue Ve lems fOr LDL SCrete 
Pasha citaions ml.5. THESIS. Naval Posteraciate School. 
1976. 


SkR=52 Users Clubdo, F2-Notes, v. 2, no. Se Sevtembter 1977. 


ane 





@)) 


ee 


INI Seale eo ee eo 


merense Technical Information Center 
Pamercn Stet.ion 
mex anNG Tle. Vireaenia 225i42 


IOreary,. Code O142 
Naval Fosteradvuate Scnool 
Monterey, California 94942 


Pewmartment Chailfman, Code 55 
Wepeartment of Operations Reseercn 
Mavel Posteraduate Scaool 
momberey, CalitornieyIoeer 


Professor Vornald 2. SBarr 
Naval Postgraduate Scnool, Code S5ABn 
Mmomterevy, Calliornlase. 47 


Professor Gary K. Poock 
Naval Posteradualte Seuzo0l petecens ss 
Monterey, CalitornlawJoeso 


Protessor Peter C.C. Wane 
Havel Posteradudt@ Cec. (sae wee Ae 
Monterey, California 9SS94u 


IT Slena W. Erown 

PATVING ONS DET CUEL 

BOX 54 

Meeesant hwancisco, Calirorgia Goons 


CPT David fF. Davis 

Department or Mathematics 
MnLted states Military "seaden, 
mci oe AUN—A 

Nest Point, New York 14996 


LT Douglas W. Brown 


Rercmeun (Ot ty rom cL 
med Sanw fF ranciseo, Calivorivan soa .4 


ae 








Thesis ozs \e) 


B80996 Brown 

e.L The one-sample K-S 
test: T1-59 programs 
for discrete and con- 


tinuous random varai- 
bles. 








